In this study, we developed a construction tele-robotic system that has wide applications in restoration work in stricken areas. The system consists of a servo-controlled construction robot, two joysticks to operate the robot from a remote place and a 6 DOF (degrees of freedom) motion base. The operator sits on a seat attached to the motion base. A vital problem that must be solved in such a system is how to convey adequate presence of working site in a high quality simulation to the operator. In this paper, a control method employing the 6 DOF motion base is investigated to generate 6 DOF realistic motions according to the signals of six acceleration sensors on the construction tele-robot. The validity of this method has been confirmed experimentally, i.e., not only can each motion (roll, pitch, yaw, surge, sway and heave) of the construction tele-robot be simulated accurately by the 6 DOF motion base, but also this complex motion can be simulated in high quality.
INTRODUCTION
In recent years, accurate remote control has come to be urgently required in tasks in places difficult to approach, such as outer space, the seabed, deep underground and the vicinity of atomic reactors, as well as in extreme environments inhospitable to humans with conditions such as high temperature, high pressure, asphyxiation and severe radiation. For this purpose, we developed a construction tele-robotic system that can present realistic motion through virtual reality (VR), as illustrated in Fig. 1 below. This system consists of six parts: a construction robot, a 6 DOF (degrees of installed close to the armrests of the seat on the motion base. Fig. 3 shows a schematic diagram of the electro-hydraulic servo system of the motion base. The proportional valves drive the six hydraulic cylinders of the motion base, and the displacement of each cylinder, detected by the electromagnetism displacement sensors, is inputted into Furthermore, the error accumulates over time to such an extent that it exceeds the magnitude of the signals, resulting in the failure of the motion simulation. Additionally, the range of motion of the 6 DOF motion base is theoretically limited, but the motion of the construction robot has no limit. If this problem can' t be solved, it will be very difficult for the motion base to simulate any large displacement of the construction robot. The purpose of presence of motion is that the operator sitting on the motion base to control the construction robot feels as if he sits on construction robot, and not for the purpose of achieving accurately reappear the motions of the construction robot. In this study, therefore, we used a high pass filter (HPF) to filter off the low frequency components of the signal. The calculation process in the frequency domain is shown as process 1 (a to z2). Experiments conducted in this study reveal that the tracking effect of the motion base is quite inaccurate. After careful analysis, we believe that this inaccuracy is the result of the combination of the HPF with the Consider process 3 in Fig. 5 . If we suppose s=JO), we can obtain the transfer function from z1 to z3 as formula (7):
Now assuming K=T, the amplitude and the phase of H(s) in formula (7) are:
It can be concluded from formulas (8) and (9) that they have the character of HPF. Above 1/1+Ts needs to be discretized in actual calculation. Suppose that the input and output are a (one of asurge, asway, aHeave, C Roll, E Pitch or E Yaw) and z (one of u, v, w, a,/3, or 7), respectively, in the time domain, and A and Z, respectively, in the frequency domain. Remember that we also assume that K=T. The signal is thus integrated as follows: 
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